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We demonstrate the suppression of crosstalk between two dielectric nanowaveguides by placing 
an auxiliary linear waveguide between loaded waveguides spaced by one wavelength. The total 
cross-sectional dimension of the system containing two transmission lines is less than two 
microns that is hundred times smaller than a cross-section of a system made of dielectric fiber. 
The propagating modes in these waveguides are the sum and the difference of symmetric and 
antisymmetric modes of the coupled system. Crosstalk is suppressed by matching the 
wavenumbers of these modes. The analytically obtained results are confirmed by numerical 
simulation. 
 
High-quality surface plasmonic waveguides are key building blocks of nanoplasmonic-based 
optical devices.1-9 Among other applications, such waveguides could be used as chip-to-chip10 
and on-chip11, 12 plasmonic interconnects. The advantage of surface plasmonic waveguides is 
their small size and high frequency which can reach optical frequencies. This is achieved by 
virtue of subwavelength localization of the electromagnetic field. The main shortcoming of 
plasmonic waveguides is their attenuation due to Ohmic losses and crosstalk between 
waveguides. The former may be compensated by using active media.13-18 The latter arises due to 
signal tunneling from one waveguide to another. As in other waveguides, the surface plasmon 
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wave leaks out beyond the physical boundary of the waveguide. As a result, when two 
waveguides are in close proximity, energy cross-flow between them causes crosstalk. 
To achieve greater miniaturization and to increase the throughput of optical lines, it would be 
desirable to use a high density of plasmonic waveguides which inevitably leads to an increase in 
the crosstalk. In Ref. 19 an original method for the crosstalk suppression was proposed. An 
additional nonlinear waveguide is placed between the waveguides carrying the signal. By using 
adiabatic elimination, the authors of Ref. 19 demonstrated decoupling of linear waveguides 
experimentally. Even though the suggested approach allows for controlling waveguides, the 
necessity of using nonlinear media for tuning the propagation constant of the middle waveguide 
may present a major technical obstacle.  
In the present paper, we study theoretically the possibility of decoupling nanoplasmonic 
waveguides by placing another waveguide between them. In contrast to the scheme suggested in 
Ref. 19, in our scheme, the additional waveguide is linear. The additional waveguide changes the 
dispersion relations of the modes. Its parameters are chosen so that in the carrying waveguides, 
the symmetric and antisymmetric modes have the same wavenumber. In this case, any linear 
combination of these modes is transmitted without changed. In particular, this applies to the 
excitation of such a linear combination when a signal is carried by a single waveguide.  
Within the framework of the coupled mode theory, we consider the propagation of an 
electromagnetic wave in a system comprised of two coupled waveguides with the same 
wavenumbers, β . We assume that the z-axis is directed along the waveguides and denote the 
coupling constant between the waveguides as κ . The field in the waveguide is determined by the 
wave equation 
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and their wavenumbers are eigenvalues of the same matrix: 
 ,+ −= + = −β β κ β β κ , (3) 
One mode is reflection symmetric, and another is reflection antisymmetric. Therefore, if the 
phase difference between modes is zero (π ), the field exists in the first (second) waveguide only.  
The energy of the first waveguide is completely transferred into the second one when the 
phase difference between eigenmodes changes by π . This happens when the distance between 
waveguides satisfies the condition: 
 ( )Re 2CT CTL Lβ β κ π+ −− = = . (4) 
In the case of two waveguides, the only way to increase the crosstalk length, CTL , is by 
decreasing κ . This can be done either by increasing the distance between waveguides, which 
decreases the throughput of the system per unit area or by restructuring the system. 
 Let us now discuss the effect of loss on crosstalk in the suggested system. In a system of two 
coupled lossy waveguides, wavenumbers of eigenmodes acquire imaginary parts:  
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 ,i i+ + − −= + + = − +β β κ γ β β κ γ . (5) 
If loss is the same in both waveguides, then the imaginary parts of symmetric and antisymmetric 
modes are also the same γ γ+ −= . As a result, the crosstalk length ( )( )/ 2 ReCTL π β β+ −= −  does 
not depend on loss. 
If imaginary parts of symmetric and antisymmetric modes are different, then when the wave 
propagates along one of the waveguides, the signal leaks into the second waveguide. As a result, 
there is a mixture of signals in the waveguides having a part that oscillates at the 
( )( )/ 2ReCTL π β β+ −= −  length and a decaying part,  ( )( )0 5 1. exp Lγ− −∆ . Thus, an effective 
crosstalk length becomes { }1CTmin L , −∆γ . The scheme suggested in this paper is applicable 
when 1CTL
−<< ∆γ .  
To increase CTL  without increasing the distance between waveguides, we place an auxiliary 
linear waveguide between waveguides carrying a signal (see Fig. 1). We assume that carrying 
waveguides have the same wavenumbers 1β , and the coupling constant between them is 12κ . The 
wavenumber of the auxiliary waveguide is 2β  and the coupling constant between this waveguide 
and carrying waveguides is 13κ . 
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FIG. 1. The schematics of the surface plasmon waveguide system. The auxiliary waveguide (2) 
is placed between two carrying signal waveguides, (1) and (3). All waveguides are interfaced 
with a metal substrate. The width of the central waveguide is varied. 
Let us consider this system of waveguides in the approximation of coupled modes. Assuming 
that the waveguides are in the xz-plane and the z-axis is directed along the waveguides we can 
write the equation that determines the coordinate dependence of the field: 
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where 1u , 2u , and 3u  are field amplitudes in the respective waveguides. Two of the eigenmodes 
of this system are symmetric, and the third one is antisymmetric. The field of the latter mode is 
zero in the central waveguide. Fields of symmetric modes are nonzero in all waveguides. 
However, one symmetric mode has a maximum in the central waveguide, while the other has 
maxima in the side waveguides. Our goal is to find parameters of waveguides in such a way that 
wavenumbers of the antisymmetric mode U−  and the symmetric mode having its maximum in 
the side waveguides 1U+  coincide. Then, according to Eq. (4), CTL = ∞ . 
For our system, wavenumbers 1β+ , 2β+ , and β−  can be expressed as  
 ( )2 2 2 21 1 2 13 1 1 2 2 12 1 13 2 13 131 2 8 2 22β β β κ β β β β κ β κ β κ κ+ = + + − − + + + − + , (7) 
 ( )2 2 2 22 1 2 13 1 1 2 2 12 1 13 2 13 131 2 8 2 22β β β κ β β β β κ β κ β κ κ+ = + + + − + + + − + , (8) 
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 1 13− = −β β κ .  (9) 
Below we normalize all wave numbers by the wavenumber of the free space 0 / cβ ω= . At 
the first step, to estimate the possibility of the crosstalk abatement, we use parameters from the 
range that is observed in experiments.20, 21 We assume that the wavenumbers of the side 
waveguides are 1 3 2β β= = . The coupling constants between waveguides 12κ  and 13κ  falloff 
exponentially with the distance between them. The coupling constant between the first and the 
second (or the second and the third) waveguides 12κ  should be a few times larger than 13κ . The 
coupled mode theory that we use is a perturbation theory with respect to the coupling constants 
12κ  and 13κ . The theory is applicable if 12 13 1,κ κ β . We set 
2 2
12 110 2 10κ β
− −= = ⋅  and 
3
13 12 / 4 5 10κ κ
−= = ⋅ , while the wavenumber 2β  of the central waveguide varies. For these 
parameters, in the absence of the central waveguide, the crosstalk length is 
13/ 2 50CTL σπ κ λ= = . The crosstalk length limits the length of a waveguide at which the 
information transmission is possible. In our example, the waveguide length cannot exceed 50 σλ , 
because, at this distance, the signal is completely transferred from the first to the third 
waveguide.  
 The dependencies of wavenumbers of each mode on 2β  are shown in Fig. 2. One can see that 
for 2 2.1102β = , the wavenumbers for the modes U−  and 1U+  coincide and are equal to 1.995. 
At this point, eigenmodes of the system are 
 1 2
0.68 0.19 0.707
0.27 , 0.96 , 0
0.68 0.19 0.707
U U U+ + −
−     
     = = − =     
     − −     
.  (10) 
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FIG. 2. Dependencies of wavenumbers of eigenmodes of the system comprised of three coupled 
waveguides on the wavenumber in the central waveguide. 
 Let us find the field distribution in the waveguides assuming that a signal with the unit 
amplitude is initiated in the first waveguide only. In this case, the amplitudes of the eigenmodes 
are 
 ( ) ( )1 1 2 2(1) 0.68, 1 0.19, 1 0.707c U c U c U+ + + + − −= = = = − = = . (11) 
Since wavenumbers of eigenmodes U−  and 1U+  are the same, the phase difference between these 
modes does not change. In the first waveguide, the field can be found as 
 ( ) ( ) ( ) ( )( ) ( )1 1 1 2 1 2 21 1 exp 1u z c U c U i z c Uβ β+ + − − + + + += + + − .  (12) 
This field reaches minimum values at the points ( )min 2 1(2 1) /z n π β β+ += + − , where n is an 
integer. The minimum value of 1u  at these points is 
 ( ) ( ) ( ) ( ) ( )1 1 1 2 2 2 21 1 1 1 2 1 0.92u z c U c U c U c U+ + − − + + + += + − = − ≈ . (13) 
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In the third waveguide, the field amplitude is 
 ( ) ( ) ( ) ( )( ) ( )2 1 1 2 1 2 23 3 exp 3u z c U c U i z c Uβ β+ + − − + + + += + + − . (14) 
This amplitude has maxima at the same points, minz , at which 1u  is minimal. The value of 2u  at 
these points is 
 ( ) ( ) ( ) ( ) ( )2 1 1 2 2 2 23 3 3 2 3 0.07u z c U c U c U c U+ + − − + + + += + − = ≈ . (15) 
The maximum value of the field intensity in the third waveguide is 35 10−≈ ⋅  of the field intensity 
in the first waveguide. Thus, in our system, the intensity of the induced field is on the level of 
0.5%  of the intensity of the carrying signal. In other words, in the system, we constructed 
crosstalks between waveguides are practically suppressed. 
 In a system of three waveguides, the situation is similar that of two waveguides: if the loss is 
the same in all waveguides, the crosstalk length is not affected. Indeed, for the wavenumbers 
1 1 iβ β γ→ +  и 2 2 iβ β γ→ +  Eq. (5) has the form: 
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. (16) 
The new variables ( )( ) ' ( ) expi iu z u z zγ= −  satisfy Eq. (5). For these variables, the same 
arguments as for systems with no loss can be applied. Generally, in the auxiliary and signal 
carrying waveguides, losses are different. However, the parameters of the auxiliary waveguide 
can be tuned in a way that loss in the auxiliary and carrying signal waveguides are close, as 
shown in the example below.  If the loss is different in all waveguides, then the situation is 
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similar to that in two waveguides: the transmission length of a signal is defined by the smaller of 
the damping and crosstalk lengths.  
 In a system of waveguides, within the framework of the theory of coupled modes, the 
solution is represented as a linear combination of eigenmodes of each waveguide. This theory is 
the first-order perturbation theory in which the perturbation parameters are coupling constants 
between the waveguides. Higher orders of the perturbation theory may substantially change the 
result obtained above because even a small difference between wavenumbers of symmetric and 
antisymmetric modes may result in an energy flux between waveguides. To verify the analytical 
results, in the next section, we perform numerical simulation of the mode propagation in the 
waveguide system described above. 
Let us consider a system of dielectric-loaded surface plasmonic waveguides22, 23 with 
parameters shown in Fig. 1. The waveguides are dielectric strips on a metal substrate which is 
modeled by metal (Au) film of thickness 300 nm. At the telecom wavelength 1.55 mλ µ= , the 
refractive index of gold is 0.5241 10.742i+ .24 
Let us assume that the side waveguides have the same refractive indices 1.5277 (SiO2).25 
This warrants a single-mode regime of each waveguide. The index of refraction of the auxiliary 
central waveguide is 3.4757 (Si).26 The widths of side waveguides are fixed; the width of the 
central waveguide may vary. 
 We obtain eigenmodes of the system by performing finite-element-method calculations for a 
mesh size varying from 52 nm to 260 nm. Closer to the system boundary, the cell size is smaller, 
farther away from the boundary it is larger. The width of the calculation range was chosen as 6 
µm and its height as 3.3 µm. Thus, the system size is much smaller than the calculation region.  
10 
 
 Numerical simulation shows that the equality of the wavevectors for symmetric and 
antisymmetric modes having maxima of intensities in the side waveguides is reached for the 
width of the central waveguide of 175d =  nm. There are three eigenmodes in the system (Fig. 
3). For 175d =  nm, the real part of wavenumbers of symmetric and antisymmetric modes with 
maxima at the side waveguides (Figs. 3a and 3b) are the same; their wavenumbers are 
1 1.0856 0.00252iβ = +  and 2 1.0856 0.00271iβ = +  for the wavelength 1.55 µm. The third mode 
has maxima at the central waveguide (Fig. 3c). 
 
FIG. 3. The screenshot of the electric field distribution of the eigenmodes: (а) 
1 1.0856 0.0025iβ = + , (b) 2 1.0856 0.0027iβ = + , (c) 3 2.4636 0.0288iβ = + . 
 Let us now consider the propagation of the signal incident in the third waveguide in our 
system. We assume that the lengths of the first and second waveguides are 30 µm each, while the 
length of the third, signal carrying, waveguide is 32 µm. Thus an excitation of this waveguide is 
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performed on the additional piece AB of 2 µm in length (see inset in Fig. 4). The other 
parameters are the same as noted above. The schematics of the system used in our numerical 
simulation is shown in the inset of Fig. 4. The signal with the same field distribution as in the 
eigenmode of the waveguide is incident on the 32-µm-waveguide. 
 
FIG. 4. The distribution of the absolute value of the electric field on the interface of the Au-
substrate and three waveguides. Inset: the schematics of the system. The interval AB of the third 
waveguide is used to excite this waveguide.  
 Numerical simulation shows that the signal propagates along the right waveguide with a very 
small leakage into the left waveguide. The fields in each waveguide are shown in Fig. 5a. 
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FIG. 5. The distribution of the absolute values of the electric fields at the center of the interface 
between the Au-substrate and the right (red), central (green), and left (blue) waveguides with (a) 
and without (b) the auxiliary waveguide. The origin of z-axis is point B in Fig. 4. 
As one can see from Fig. 5a, not the whole energy is transferred along the signal-carrying 
third waveguide. This is mainly due to Ohmic losses in metal. Another reason is that the mode 
excited at the section AB of the signal-carrying waveguide does not match exactly to the sum of 
symmetric and antisymmetric modes of the system of three waveguides. At the boundary of the 
transition from one waveguide (AB) to three waveguides, some part of the energy is used to 
excite modes at the first and second waveguides.  
In order to demonstrate the contribution of the central waveguide to the crosstalk 
suppression, we have also simulated the system of plasmonic waveguides without the auxiliary 
central waveguide (see Fig. 6). One can see that as the wave propagates along the left 
waveguide, its energy is transferred to the other waveguide (see Fig. 5b and Fig. 6).  
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FIG. 6. The distribution of the absolute value of the electric field in the system shown in Fig. 4 
but without the auxiliary waveguide. Inset: the schematics of the system.  
To conclude, we show analytically and numerically that the energy flux between two 
waveguides can be suppressed by placing an auxiliary waveguide with specially chosen 
parameters between them. The wave excited in one of the waveguides, which is the sum of 
symmetric and antisymmetric modes, corresponds to a zero field in the other two waveguides. 
Since the wavenumbers of symmetric and antisymmetric modes are the same, this relationship 
does not change as the wave propagates along the system The suggested set-up allows for a 
substantial increase in the crosstalk length between surface plasmonic waveguides. 
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